The adsolubilization of 2-naphthol by mixtures of an anionic surfactant, sodium dodecyl sulfate (SDS) , and nonionic surfactants, hexaoxyethylenedecyl ether (C10E6) , and hexaoxyethylenedodecyl ether (C12E6) on alumina was investigated. Adsorption and adsolubilization were performed using a feed concentration of SDS under various fixed concentrations of the nonionic surfactants. The adsolubilization of 2-naphthol increased with an increase of the fixed nonionic surfactant concentration, showed a maximum and then decreased with a further increase of nonionic surfactant concentration for both SDS/C10E6 and SDS/C12E6 systems. The adsolubilization of 2-naphthol was greater for SDS/C10E6 and SDS/C12E6 systems than that for SDS single system. Furthermore, the adsolubilization efficiency defined by ratio of 2-naphthol adsolubilized to total surfactant adsorbed amount was higher for SDS/C12 E, system than that for SDS/C10E6 system at the maximum adsolubilization.
gates onto the surface of solids in water.
Some hydrophobic compounds which do not adsorb on these solids can be incorporated in these layers in the presence of surfactants. This phenomenon is called adsolubilization'). Until now, many studies of adsolubilization have been reported using single surfactant systems'"). We studied adsolubilization of yellow OB and azobenzene using mixed surfactant layers formed by sequential addition of anionic surfactant and nonionic surfactants with various oxyethylene chain lengths on positively charged alumina particles"'").
The adsolubilization of yellow OB increased when the oxyethylene chain length of nonionic surfactant became shorter. However, an opposite result was obtained for the adsolubilization of azobenzene. Since the alumina surface is positively charged at pH 3.5 (the isoelectric point of alumina is 9 .0) , the electrostatic attraction with the anionic SDS will be dominant. At low SDS concentrations, SDS adsorbs onto alumina, orienting its hydrocarbon chain to the aqueous phase, while at high SDS concentrations SDS bilayers are probably formed on the alumina surface.
In this study, at below equilibrium concentration of 4 mmol dm-3 SDS, an SDS monolayer on alumina will be formed judging from the calculated occupied area of SDS and the result of dispersion stability of alumina particles.
One can see from Fig.1 that the adsorbed amount of surfactants increases with increasing fixed concentration of C10E6 from 0.1 to 0.75 mmol dm-3, and then decreases when the fixed concentration of C10E6 is
Since the adsorption of SDS on alumina from SDS/C10E6 mixtures with various fixed C10E6 concentrations increases compared to that of single SDS system (data not shown) , the increase in the total adsorbed amount of surfactants is mainly due to the adsorption of both SDS and C10E6. It is suggested that the initial electrostatic adsorption of SDS provides a number of hydrophobic sites that is sufficient to enable hydrophobic adsorption of C10E6. However, when the fixed concentration of C10E6 is 1.0 mmol dm-3, the adsorption is decreased compared to that at 0.75 mmol dm' C10E6, probably due to the formation of In particular, a pronounced decrease of adsolubilization after 2 mmol dm-3 SDS for the fixed C10E6 concentration of 1.0 mmol dm-3 is probably due to the formation of mixed micelles in the bulk solution.
That is, 2-naphthol is partitioned between the mixed surfactant adsorbed layer and mixed micelles when mixed micelles are present in the bulk solution.
Furthermore, it should be noted that at the feed concentration of 2 mmol dm-3 SDS the adsolubilized amount of 2-naphthol increases with an increase of the fixed C10E6 concentration, shows a maximum at 0.75 mmol C10E6 and then decreases with a further increase of Ci0E6.
Adsorption and adsolubilization experiments were also carried out using SDS/C12E6 mixtures. Figure 4 shows the total adsorbed amount of surfactants on alumina as a function of feed concentration of SDS at various fixed C12E6 concentrations.
It should be noted here that adsorption of Ci2E6 on alumina is also very low, similar to that of C10E6. It is seen that the total adsorbed amounts of surfactants for all the various fixed C12E6 concentrations are not considerably different. To understand the behavior of mixed adsorption of SDS/C12E6, we plotted the ratio of C12E6 adsorbed to the total adsorbed amount of surfactants in Figure 5 .
Since the fixed concentrations of C12E6 except 0.1 mmol dm-3 are higher than the cmc of single C12E6, it is expected that the adsorption of SDS is decreased compared to that of single SDS adsorption due to incorporation of SDS adsorbed into free mixed micelles in the bulk. Therefore, the total adsorbed amounts of surfactants for the fixed concentrations of C12E6 (0.25-0.75mmol dm-3) result in similar values.
On the other hand, the feature of adsolubilization of 2-naphthol is quite different from that of adsorption of surfactants ( Figure 6) ; the adsolubilized amount of 2-naphthol becomes larger with an increase of the fixed C12E6 concentration, shows a maximum at 0.5 mmol dm-3 C12 E6, and then considerably decreases. It is interesting to discuss the effect of hydrocarbon chain length of CnE6 on the adsolubilization of 2-naphthol using SDS/CnE6 (n=10, 12) mixtures. The CnE6 investigated in this study show very low adsorption on alumina, but the adsorption of these surfactants was significant in the presence of SDS in the system. It is thought that the electrostatic adsorption of SDS provides a sufficient number of hydrophobic sites for the adsorption of CnE6. When the hydrocarbon chain of C. E6 (i.e., C12E6) is equal to that of SDS, the hydrocarbon chains of SDS are equally shielded from hydrophilic environment by the hydrocarbon chains of the co-adsorbing C12E6. On the other hand, when the hydrocarbon chain of CnE6 (i.e., C10E6) is shorter than that of SDS, part of the SDS hydrocarbon chain would be exposed to the aqueous solution or the hydrophilic oxyethylene chains of C10E6. Therefore, it is understood that the volume of the hydrophobic environment created by the adsorption of SDS and CnE6 surfactants onto alumina is greater for SDS/Ci2E6 system than that for SDS/C10E6 system at the same adsorption density. A similar effect of surfactant structure on the adsorption of SDS and nonionic surfactant mixtures has been reported16). (n=10, 12) mixed layers onto alumina would be greater for SDS/C12E6 system than that for SDS/C10E6 system. These properties of mixed adsorbed layers show that the maximum adsolubilization of 2-naphthol is enhanced by using SDS/C12E6 system rather than SDS/C10E6 system. In particular, the efficiency of adsolubilization, which can be defined as the ratio of adsolubilization amount of 2-naphthol to total adsorbed amount of surfactants, is plotted as function of total adsorbed amount of surfactants in Figure 7 . Here, the data used are for fixed CnE6 concentrations of 0.75 mmol dm-3 C10E6 and 0.5 mmol dm-3 C12E6 which are SDS/CnE6 (n=10, 12) systems that show the largest adsolubilization among the other fixed CnE6 concentrations. These two plots of SDS/CnE6 (n=10,12) systems clearly indicate that the efficiency of adsolubilization of 2-naphthol is higher for SDS/C12E6 system than that for SDS/C10E6 system and further that these two systems To understand the role of mixed surfactant adsorbed layer on the adsolubilization in detail, structural studies of these mixed layers using several spectroscopic techniques will be needed in the future.
Conclusions
Adsolubilization of 2-naphthol on alumina by adsorption of surfactant mixtures such as SDS/C10E6 and SDS/C12E6 as a function of feed concentration of SDS at fixed CnE6 concentration shows that the adsolubilization amount of 2-naphthol is enhanced for two mixed systems compared to that of single SDS system.
Furthermore, it is found that SDS/C12E6 system provides greater adsolubilization efficiency of 2-naphthol than that by SDS/C10E6 system. This difference for SDS/CnE6 (n=10, 12) systems is derived from the dif- Plots of adsolubilized amount/total adsorbed amount of surfactants against total adsorbed amount of surfactants for three systems: () SDS system; (0) SDS/C10E6 system at 0.75mmol dm-3 C10E6; (A) SDS/C12E6 system at 0.5mmol dm' C12E6.
